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A single-phase photovoltaic Microinverter topology based on

boost converter

Abstract. This paper presents a novel grid-connected photovoltaic Microinverter topology and its control implementation. A very significant
contribution is to propose an innovative conversion structure with the aim of achieving high efficiency, easy control, high reliability and low design
cost. In a first part of this contribution, we describe the proposed configuration topology. In a second part, we present the simulation tests developed
in order to verify the validity and performance of its operating principle. The last part is reserved for discussion of the simulation results.

Streszczenie. W artykule opisano topologie mikroprzeksztattnika wspotpracujgcego z ogniwem fotowoltaicznym. Zaproponowano nowg koncepcje
konwersji dla osiggniecia prostego sterowania | matego kosztu. W pierwszej czesci opisano ukifad, w drugiej czesci przedstawiono wyniki symulacji a
w trzeciej dyskusje wynikéw. Jednofazowy mikroprzeksztattnik wspéipracujgcy z ogniwem fotowoltaicznym
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Introduction

In recent years, the grid-connected photovoltaic systems
have attracted considerable interest in view of a crucial
effect on improving their energy efficiency and reliability.
With this in view, much research has focused on reducing
costs and improving performance by modifying the power
circuit topologies and the controller structures. In other
words, the configuration of the photovoltaic panels and the
right choice of the inverter have a direct influence on the
cost and the efficiency of the whole system. On the market,
there are three distinct types of photovoltaic systems:
Type1- large-scale photovoltaic systems (generating
several Megawatts) in regions with high solar insulation,
Type 2- medium-scale PV systems (generating from one
tenth to one hundredth of kilowatts), mainly for professional
use and finally, Type 3- decentralized grid-connected
photovoltaic systems on a small scale, such as photovoltaic
structures based on Microinverters involved in small
residential applications [1-3].

In Type 3, individual Microinverter connects a PV panel
directly to the grid, adjusted to the maximum power thanks
to an electronic tracker of this maximum point. Within this
technological solution, the Maximum Power Point Tracker,
MPPT [4, 5] allowing efficiency and improvement of the
system reliability by eliminating the potential single point of
failure [1, 6].

To this end in type 3 topology, photovoltaic
Microinverters are the subject of extensive researches in
academia and industry laboratories. Two important
parameters in the design of Microinverters are considered,
which are the quality of the injected signal into the grid and
the sizing of the converter.

In the scope of this work, a compromise between the
size of the Microinverter and the switching frequency need
to be found. However, to maintain or improve efficiency at
higher switching frequencies, advanced topologies and
control strategies are needed [6-7]. Improving the
Microinverter topology requires an optimal choice of power
electronics, embedded devices and specialized
microcontrollers for the driving of the power conversion and
voltage adaptation processes [8].

The main objective of the presented study was to
contribute to the improvement and the development of an
efficient photovoltaic Microinverter using a new topology
based on a boost converter with a reduced number of
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power switches allowing, after energy shape adaptation,
direct injection into a distribution grid [9, 11].

As currently implemented with good performance in our
laboratory, the developed Microinverter can be a low-cost
alternative to isolated photovoltaic inverters that we found in
the photovoltaic market [9, 10]. To our knowledge, the
simple structure of the boost topology and the switch control
strategy has been never presented in literature. The
described Microinverter topology in this article is presented
for the first time.

This document is organized as follows. First, the general
configuration of our circuit will be presented. In a second
section, the operating mode of the proposed circuit will be
described in order to foresee the suitable control technique.
Finally, simulation waveforms will be provided and
commented. The responses of the system will be
commented in the last part and discussed for the validation
of the various technological choices associated to this
topology and the choice of electronic components used to
build the Microinverter. Finally, will be presented
conclusions and the perspectives of this work.
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Fig. 1 Microinverter topology configuration

In Fig. 1, we present the Microinverter topology drawn
using the PSIM software environment. It includes a boost
converter and DC-AC inverter (conventional converter). In
this structure, the boost converter is used to increase the
input voltage to the required grid voltage value. However,
by using an intelligent control strategy (such as the bipolar
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PWM), the inverter bridge converts the increased DC
voltage to a sinusoidal waveform which will be filtered in
order to inject it into the grid.

The Microinverters operating in this configuration are
highly used by Schneider manufacturers (SunEzy 2000,
4000, 400E); SMA (Sunny Boy 2100TL) and AROS Sirio
4000 [7]. Different methods and techniques have been
proposed to connect a solar panel to the grid via the
Microinverter containing DC-DC and DC-AC converters
[15].

For example, the approach that use the converting of
DC voltage of the PV panel into a rectified full-waveform
(Each period there are two half waves). Afterward, the
bridge serves to keep the first one during the first half
period and to reverse the second one during the other half
period.

This approach is the most used in Microinverter flyback
topologies (in all its configurations: interleaved, active
clamp, ZVS using grid current, switched capacitor turn-off
snubber) [18, 19]. in our case, we propose a development
of a simple and an original topology of the Microinverter
based on a boost converter.

Operating principle

A circuit configuration of the proposed Microinverter
consists in two parts, that can be operated and controlled
independently as shown in Fig.2. First, the boost converter
should generate a full rectified sine-wave. Second, the full
bridge inverter controls the output current of the boost
converter in order to obtain a sinusoidal current that is
injected into the utility grid [20-22]. This injection can only
be performed if the current is synchronized with the main
current.

Thus, an advantage of the new proposed Microinverter
shows that within this topology, the output electrical signal
is generated in a self-regulating process. Details are
presented and discussed in the following section, of our
contribution.
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Fig.2. Microinverter operating diagram

INVERTER

Results and discussion

In order to have a more meaningful operation of our
system, we performed the simulation with the PROTEUS
software, using a PIC16F877A microcontroller. This gives
us the opportunity to implement various programs into the
control unit for the driving of the two stages. The Fig.3
shows the complete electronic diagram of the proposed
topology.

The operation can be described as follows: a serie of
instructions are executed in order to generate the PWM
signal, following the current supply by the grid (In figure 3,
the grid is represented by a VPULSE generator). To do this,
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we used the timer interrupt mode of the microcontroller
(Timer2 register overflow) to ensure the reading of the
current generated by the boost and to adjust the duty cycle
PWM signal. An external interruption is also suggested (on
the RB5 tab) to synchronize in a regular manner the
variation of the two signals.
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Fig.3.The simulation diagram
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Fig. 4 The simulation results, a) for low current and b) for nominal
current

As showen in figure 4 and in both cases, i.e. even for a
low power given by the source, we observe that this
topology allows the injection of a corresponding current into
the grid. We also noticed that the shape of the output
current of the microinverter is not purely sinusoidal (Fig. 4).
This shape is not problematic for off-grid usages and can be
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improved to be the closest to a sinusoidal shape by adding
a low-pass or a band pass filter centered at the grid
frequency.

The obtained simulation results underly the validity of
the developed model of this new microinverter topology. At
this stage of the development and for off-grid applications,
this microinverter can be directly implemented between a
photovoltaic panel and an AC load. In addition, in a next
step, for the on-grid applications, additional parameters for
the PWM generation and filter will allow to obtain an output
signal with a low harmonic distortion. In both cases, the
integration of an algorithm for tracking of the maximum
power point will be necessary to optimize the production
efficiency by extracting the maximum available power
available at the panel connectors

Conclusion
It can be concluded that in addition to many topology
contributions for microinverters, they increase costs and
decrease the efficiency of conversion. Future microinverters
are expected to expand in response to technological
advances in photovoltaic cells, semiconductor power
devices, control circuits and grid integration standards. The
topology proposed in this paper can satisfy several
recommendations and challenges such as:
- The dual-stage conversion process will attract great
attention because of its low cost, a longer life, and
increased efficiency that could be reached with a compact
structure.
- A compensation of harmonic, support grid voltage and
frequency stability.
- The isurance of Galvanic isolation by optocouplers, the
THD and the appropriate power factor rates that can be
determined ensuringbetter reliability and grid compatibility.

The results of the simulation validate the originality of
the topology based on the connection mode of the boost
with the inverter bridge and the proposed method of control.
In addition, this topology is able to enhance grid reliability
and power quality. Hence, it can be clearly deduced that the
main future research trends will be related to power
decoupling methods, active power flow control, reactive
power support in fault conditions and MPPT methods.

It is expected that this research will be of benefit for
microinverter designers, researchers and engineers dealing
with improvments of power conversion capability.
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